To determine whether acridine orange (AO) staining of blood cultures could be used as a substitute for blind subculture when used in conjunction with the BACTEC system (Johnston Laboratories, Inc., Towson, Md.), the two methods were compared on all BACTEC-negative specimens. Since blind subcultures were routinely performed in our laboratory on days 2 and 6 of incubation, AO staining was also performed on these days. Cultures which were BACTEC positive on day 1 of incubation were not included in the study. Of the 2,395 bottles tested after 2 days of incubation, 106 were subculture positive. Of these, 96 (90.6%) were also AO positive and BACTEC positive, 3 (2.8%) were AO positive and BACTEC negative, and 7 (6.6%) were AO negative and BACTEC positive. Of the 3,487 bottles tested on day 6 of incubation, 14 were subculture positive; 7 (50%) of these were AO positive and BACTEC positive, and seven were AO positive and BACTEC negative. Of the total of 10 culture-positive bottles missed by BACTEC, all were positive, and all 10 companion aerobic bottles were BACTEC positive. In both phases of the experiment, there was a total of only four false-positive AO stains. As a result of this investigation, we have subtstituted AO staining for blind subculturing of BACTEC-negative bottles.
The need to detect and identify microorganisms in blood as rapidly as possible remains a primary function of clinical microbiology laboratories, although agreement on methodologies is far from unanimous. Conventional techniques generally include visual inspection of blood cultures along with routine Gram staining and blind subculture of cultures with no visible evidence of turbidity. Among the automated methods introduced in recent years, the radiometric BACTEC system (Johnston Laboratories, Inc., Towson, Md.) has gained widespread acceptance and use in detecting bacteria (7, 8) . One of the more recent advances in blood culture methodology has been the fluorescent acridine orange (AO) stain. In 1977, Kronvall and Myhre described and standardized the procedure for differential staining of bacteria and background material in clinical specimens (3) . In 
RESULTS
This experiment was conducted in two distinct phases. Phase I included blood culture bottles that were negative by BACTEC on day 2 of incubation, and phase II included a separate set of culture bottles that were negative for growth by blind subculture on day 2 and BAC-TEC negative through day 5. Comparison among AO staining, BACTEC, and blind subculture was done on a bottle-forbottle basis to obtain a true statistical analysis. Of the 2,395 bottles tested in phase I, 2,289 bottles were subculture negative. A total of 106 bottles were subculture positive. Of these, 96 were also AO positive and BACTEC positive, 3 were AO positive and BACTEC negative, and 7 were AO negative and BACTEC positive. The three AO-positive, BACTEC-negative cultures consisted of one Pseudomonas aeruginosa isolate that was blind subculture positive on day 2 and two Acinetobacter anitratus isolates that were blind subculture positive on day 6. All three were from anaerobic bottles, and their companion aerobic bottles were all BACTEC positive. Of the seven AO-negative, BACTECpositive cultures, there were five coagulasenegative staphylococcus isolates, one Klebsiella pneumoniae isolate, and one Candida albicans isolate. Four of the five staphylococcus isolates were from the same patient and were BACTEC positive in both aerobic and anaerobic bottles; the other staphylococcus isolate was from an aerobic BACTEC bottle. The Klebsiella and Candida isolates were also from aerobic BAC-TEC bottles. Four additional bottles were AO positive but subculture and BACTEC negative. Two of these were from patients with previously positive blood cultures. There were no BAC-TEC-positive bottles which were not subculture positive.
In phase II, 3,487 bottles were tested. All bottles were blind subculture negative on day 2 and BACTEC negative through day 5. There were 3,473 bottles which were blind subculture, AO, and BACTEC negative on day 6. A total of 14 bottles were subculture positive; 7 of these were also AO and BACTEC positive. The other seven were AO positive and BACTEC negative. Streptococcus MG intermedius and C. albicans were two of these isolates. The remaining five were Streptococcus sanguis II isolated from the anaerobic bottles of one patient. The companion aerobic bottles were all BACTEC positive on an earlier day.
DISCUSSION
In comparing AO staining with 24-h blind subculture, McCarthy and Senne found that AO missed 14 (12.8%) and blind subculture missed 10 (9.2%) of 109 positive blood cultures (4). There was no statistical difference (P > 0.1) between these methods, and there were only eight (0.3%) false-positive AO smears. Based on this evidence, they concluded that AO was equivalent to the 24-h blind subculture and discontinued the latter procedure. When Mirett et al. compared AO, methylene blue, and Gram staining of blood cultures, they found AO to be much more sensitive than either of the other two stains (6) . However, since their AO staining results were only 52% sensitive compared with those blood samples which became culture positive within 3 days, they concluded that AO staining was not a valid substitute for blind subculture.
Our laboratory routinely processes blood cultures with the BACTEC 460. We had previously eliminated methylene blue staining as part of our routine blood culture procedure, but were still performing blind subcultures at 24 h and on day 6. Recently, Araj et al. reported that BACTEC missed 15 of 545 isolates, but all 15 were either contaminants or had been previously detected (1). They concluded that terminal subcultures were not necessary in BACTEC-negative blood cultures. McLaughlin et al., in a separate study, reported similar results and concluded that it was not necessary to perform blind subcultures at all when using BACTEC methodology (5). Previously, our laboratory had found that the BACTEC detected 1,002 (98.2%) of 1,020 positive blood cultures (2) . In a similar study, Strauss et al. reported that the BACTEC detected 460 (94%) of 490 positive blood cultures (9) . Both reports concluded that, in spite of the high sensitivity rate, all BACTEC-negative cultures should be subcultured to eliminate the possibility of missing an important pathogen. The present investigation was to determine whether AO staining could be substituted for blind subculture when used in conjunction with BACTEC. The AO stain not only is less expensive than blind subculture, but also has the advantage of detecting positive cultures 1 day earlier, as no incubation period is required.
In phase I of this study, AO missed 6.6% of the 106 subculture-positive bottles, and BAC-TEC missed 2.8%. In phase II, although there were only 14 positive subculture bottles, AO did not miss any, whereas BACTEC missed 7, or 50%. If the results of both phases are combined, AO had an overall false-negative rate of 5.8%, and BACTEC had a rate of 8.3%. The sensitivity of AO staining (AO-positive bottles/culture-positive bottles) in phase I, phase II, and both phases combined was 93.4, 100, and 94.2%, respectively, and that of the BACTEC system was 97.2, 50, and 91.7%, respectively. The specificity of AO staining (AO-negative bottles/ culture-negative bottles) in phase I, phase II, and both phases combined was 99.8, 100, and 99.9%, respectively. The BACTEC specificity was 100% in both phases. The sensitivity for AO and BACTEC in combination was 100%, and the specificity approached 100% (99.9o). Although in our evaluation no positive blood culture bottle was missed when both methodologies were applied, it is possible that both AO and BACTEC could give false-negative results, and based on our results, the probability of this occurring ranged from 1 in 200 subculture-positive bottles to 1 in over 500 positive bottles. More importantly, all of the BACTEC false-negative results were from anaerobic bottles whose companion aerobic bottles were all BACTEC positive. This, coupled to the fact that over 50% of our patients have two or more sets of blood cultures submitted, makes the probability that these two methodologies in combination will miss a positive blood culture even more remote.
As a result of this investigation, we eliminated all blind subculturing of BACTEC-negative blood bottles and substituted AO staining on days 2 and 6. Subsequent evaluation of this system over the past several months has allowed us to perform an additional BACTEC reading on day 2 and eliminate the AO staining on day 1 without delaying detection of positive blood cultures. At present, we AO stain all BACTECnegative blood cultures on day 8. All AO-positive cultures are Gram stained, and if organisms are detected, the results are reported as to Gram reaction and bacterial morphology. If the culture is AO positive but no organisms are seen on Gram stain, the results are not reported. Subcultures are done on all AO-positive cultures. AO staining has provided an inexpensive and rapid method to act as a final safeguard. The elimination of two blind subcultures including plates, syringes, media, and technologist time has resulted in considerable savings without loss of sensitivity.
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